ABSTRACT
INTRODUCTION
Worldwide use of herbal medicine has been notably increasing in the last few decades. 1, 2 In developing countries, many people have been utilizing alternative medicine to meet their essential health care requirements. On the other hand, developed countries had an increasing interest in medicinal herbs. 2 Among plant species that have been used for long as medicinal herbs, few have been evaluated scientifically for their various therapeutic applications in folk medicine. 3 Very limited information has been presented regarding the efficacy and safety of medicinal herbs, their extracts or active ingredients and formulations containing them. 3, 4 The most important issue about herbal medicine is that their market is inadequately regulated. Most often, registration of and control over herbal products are lacking. 3 Therefore, assuring quality, safety and efficacy is a global issue. Both the general consumer and the health care provider need updated and reliable data about traditionally used medicines. 3, 5 Monographs provide assistance in the harmless and efficient use of herbal medicines. 3 Rosmarinus officinalis (Linn.) (Rosemary) (Lamiaceae) also known as garden rosemary, hasalban, iklil el jabal and romarin. 6 It is a branched, bushy, evergreen sub-shrub that attains a height of 1-2 meters. It grows wildly in many regions of the world mainly in the Mediterranean region. [6] [7] [8] [9] It has been reported to include about 20 different varieties that can be distinguished based on morphological features such as the leaf dimensions and the flower's calyx and corolla. 10 Rosemary leaves are linear, leathery and dark green. The flowers are very small and are light blue. Both flowers and leaves are characterized by a strong aromatic odor due to the volatile oil that accumulates in glandular trichomes that are of the capitate and labiaceous type. 9 In Lebanon, Rosemary has been described as one of 28 medicinal plant species considered to be the most important. 11 Reported folk medicine indications of rosemary include its use in inflammation and wound healing, headache, arthritis, gout, abdominal pain and intestinal spasm, water retention, indigestion and depression. 9, 12, 13 It could be used fresh, dry or distilled to obtain the essential oil (EO). 8, 14 Rosemary has been reported to be one of the aromatic plants having high antioxidant activity for their antioxidant potentials. 7, 15 The antioxidant activity of the EO of Rosemary was linked to its main components 16 which vary with seasonal variations. 17 Besides its antioxidant potential, the extracts of Rosemary have been studied before for their antidiabetic effect. 8 However, very few studies reported the antidiabetic effect of Rosemary EO. 18 Lavandula angustifolia (Linn) (Lavender) (Lamiaceae), known as English lavender, true lavender and khuzama, is also one of the most important herbs grown in Lebanon 19 Traditionally, the EO of Lavender was used as an antiseptic for burns and wounds. 20 Several biological activities of this species have been reported such as its antimicrobial 21 and antimutagenic properties. 20 Similar to Rosemary, the antioxidant potential of Lavender essential oil (LEO) has been reported before and it has been linked to the oil's composition, which varied with seasonal variations. 22 Such variations in composition and subsequently on biological effect caused by seasonality should be screened in order to obtain an EO with standard quality. 17 This study was conducted in order to assure the quality and safety of herbal products before being available to the public, pharmacognostic screening on Rosmarinus officinalis and Lavandula angustifolia (Linn.) grown in Lebanon was conducted. Moreover, taking into consideration that there are no enough data about seasonal influence on the chemical composition of EO obtained from Lebanese plants, it was of interest to evaluate the effects of seasonal variation on composition and antioxidant activities of REO and LEO. In addition, the antidiabetic effect of REO was explored since available information in this regards were very limited. Therefore, this study will serve to complete the profile of the chosen genera in comparison with the previous literature about both genera Rosmarinus and Lavandula worldwide.
MATERIALS AND METHODS

Chemicals
Alloxan monohydrate, sodium chloride (NaCl), 2,2'-diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid (AA) , glucose, bornyl acetate (95%), limonene, linalool (97%), borneol, 1,8-cineole, and linalyl acetate (Sigma, Aldrich). All chemicals used were of analytical grade.
Plant materials
Aerial parts of Rosmarinus officinalis (Linn.) (Rosemary) and Lavandula angustifolia (Linn.) (Lavender) were obtained from the Botanical Garden, Research Center for Environment and Development, Beirut Arab University, Bekaa. R. officinalis (Linn.) was identified by Dr. N. Arnold (USJ, Lebanon). L. angustfolia (Linn.) was identified according to its botanical characteristics presented in the BP 2013. Voucher sample were deposited at the faculty herbarium. 
Microscopic examination
Dried plant material was first reduced into fine powder flowed by mounting the powder in chloral hydrate solution (4 mg/ml). The prepared mount was then examined under a light microscope (Optika B150, Italy). 23 
Assay of the plant material for the essential oil yield
An amount of 30 g of fresh plant material (leaves of Rosemary and flowers of Lavender) was subjected to hydro-distillation using a Clevengertype apparatus for 4 h. Three hundred ml of distilled water were used as the distillation liquid. 23 The liberated oil was collected after drying over anhydrous sodium sulphate and stored in a freezer at (4-5°C) until used. 24 The yield of the obtained Rosemary essential oil (REO) and Lavender essential oil (LEO) was calculated relative to the weight of the sample. Figures 12,13 Spectrophotometric assay of the plant material (Rosemary samples) for the total hydroxycinnamic acid derivatives A volume of 80 ml of 50% ethanol were added to 0.2 g of the powdered drug and boiled in water bath (BUCHI ® B-491) under a reflux condenser for 30 min. After filtration, the residue was rinsed with 10 ml of 50% ethanol. The filtrate and the rinsing were combined in a volumetric flask and diluted to 100 ml with 50% alcohol. The test solution was prepared by taking 1ml of this stock solution and adding to it 2 ml of 0.5 M HCl, 2 ml of a solution prepared by dissolving 10 g of sodium nitrite and 10 g of sodium molybdate in 100 ml of water, 2 ml of dilute NaOH solution and diluting to 10 ml with water and mixing. Compensation solution was prepared by diluting 1 ml of the stock solution to 10.0 ml with water. Absorbance of the test solution was measured immediately at λ=505 nm. The percentage content of total hydroxycinnamic derivatives, expressed as rosmarinic acid, was calculated from the expression:
, where A = absorbance of the test solution at 505 nm and m = mass of the substance to be examined in grams. The specific absorbance of rosmarinic acid = 400. 23 Calibration curve for Rosmarinic acid is available ( figure 17 ).
Inspection of plant material for foreign matter and moisture contents 100 g of each sample was spread out in a thin layer. Examining for foreign matter was done by inspection with the unaided eye. The foreign matter was separated and weighed to calculate its percentage.
23
Moisture content in the plant material
The moisture content in 1 g of dried powdered Rosemary leaves or Laveneder flowers was determined using an OHAUS® MB 200 moisture balance. A mass of 1 g of the powdered plant material was spread in a thin layer in the crucible of the moisture balance apparatus. Temperature was set at 100° C. Plant material was kept under this temperature until the moisture content attained a constant value (30-40 minutes).
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Chromatographic analysis of the essential oil
Thin layer chromatography (TLC)
The test solution for each oil was prepared by dissolving 50 µl of the oil in 1 ml of toluene. The reference solution for REO was prepared by dissolving 5 mg of borneol, 5 mg of bornyl acetate and 10 µl of 1,8-cineole in 1 ml of toluene. The reference solution for LEO was prepared by dissolving 10 µl of linalol, 10 µl of 1,8-cineole and 10 µl of linalyl acetate in 1 ml of toluene. The test and reference solutions were applied as spots on TLC silica gel plate. The spots were allowed to develop over a path of 15 cm using ethyl acetate, toluene (5:95 V/V) as mobile phase. The plate was allowed to dry in air. The plate was then sprayed with vanillin reagent for (REO), anisaldehyde reagent (LEO) and heated at 105°C for 10 min. This was followed by examining the plate immediately in daylight. 23 
Gas Chromatography-Mass Spectrometry (GC-MS)
GC-MS analyses were performed using a GC (Agilent 6890N) coupled with Mass spectrometer (5975 B), equipped with a split/splitless injector. Separation and quantitation were performed using a DB-WAX column, 30 m × 0.252 mm ID, with a film thickness 0.25 µm (J & W Scientific Inc., Folsom, California, USA). For REO, the GC oven temperature pro-gram used was as follows: initial temperature 50℃, held for 10 min then ramped at 2℃/min to 200℃, and held isothermally for 25 min. Helium was used as the carrier gas at a flow rate of l ml/min. The detector temperature was set at 250℃ and the injector block temperature at 200℃. For LEO, the GC oven temperature program used was as follows: initial temperature 70℃, held isothermally for 15 min then ramped at 2℃/min to 180℃. Helium was used as the carrier gas at a flow rate of l.5 ml/min. The detector temperature was set at 220℃ and the injector block temperature at 220℃. Samples were prepared by diluting the oil in hexane with a dilution ratio of 2:100. The volume injected sample was 1 µl of the diluted oil, split mode injection technique (1:50). 23 The mass spectra were recorded over a range of 50-550 amu at 0.345. Constituents of REO and LEO were identified by comparing recorded mass spectra with those stored in the spectrometer database (MS library-NIST05). The relative percentage amounts of separated compounds were calculated from total ion chromatogram by a computerized integrator.
Physiochemical properties of the essential oil
Relative density of the oil The relative density of each of REO and LEO was determined by first measuring the mass of 1 ml of the oil at 20 °C. This way, the density (ρ 20 ) which is the mass of a unit volume of the oil at 20 °C expressed in (g·cm -3 ) was obtained. ρ 20 are related by the following equation: = 1.00180 x ρ 20 .
23
Refractive index of the oil The refractive indices of both REO and LEO were measured using a REF 123® digital refractometer. Measurement was done at 20 ± 0.2°C. 23 
Optical rotation of the oil
The angle of rotation for each of REO and LEO was measured using a WZZ-2SS ® digital automatic polarimeter. Solutions of REO and LEO were prepared in hexane in a concentration of 25 g/L. measurements were made at 20°C using 1 dm tubes. The angle of rotation was measured according to the following equation 23 :
, where c is the concentration (g/L), α = angle of rotation in degrees read at 20, l = length of the polarimeter tube in (dm). 23 Acid value of the oil 1 g of the oil was dissolved in 50 ml of a mixture of equal volumes of ethanol (96 %) and light petroleum, previously neutralized with 0.1 M sodium hydroxide, using 0.5 ml of phenolphthalein solution as indicator. The dissolved oil was then titrated with 0.1 M sodium hydroxide until the pink color persisted for at least 15 seconds. The acid value was then determined using the following equation:
, where n = ml of titrant and m= mass of the oil in grams. 23 Determination of the antioxidant activity of Rosmarinus officinalis (Linn.) and Lavandula angustifolia (Linn.) essential oils with the 2,2'-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method
The ability of the EOs to reduce DPPH radical was determined by the method previously reported. 26 Briefly, methanolic solutions of the REO and of LEO at different concentrations (2.5, 5, 10, 15, 20 and 25 µl/ml for REO and 5, 10, 15, 20, 25 and 30 µl/ml for LEO) were prepared. 2 ml of each solution were put into a cuvette, and 40 µl of 4 mg/ml methanolic solution of DPPH were added. Measurement of absorbance, at 517 nm, for each test solution was started immediately after DPPH addition. The absorbance was then determined at 0, 20, 40 and 60 minutes for all samples. Measurements were done using an OPTIMA ® spectrophotometer (OPTIMA, Japan). Methanol was used as blank with zero absorbance at the 517 nm. DPPH radical without antioxidant, i.e. the vehicle, was used as a control. Ascorbic acid 0.2 mg/ml was used as a positive control. Percent scavenging of the DPPH radical by the different samples was calculated using this formula: % SCAVENGING = [(AC (o) -AA (t) ) / AC (o) ] * 100, where AC (o) is the absorbance of the control at t = 0 min and AA (t) is the absorbance of the antioxidant at t = 1 h. 26 Percent scavenging after 60 min was plotted against concentration, and a linear regression was applied to obtain the IC 50 value.
In vivo investigation of the antidiabetic effect of Rosmarinus officinalis (Linn.) essential oil Animals Male Swiss-Webster mice, 12 to 16 weeks of age, were kept in adaptation environment for a period of 1 week prior to initiation of the experimental procedure. The adaptation environment was similar to the conditions previously described. 8 The mice were kept in individual cages at room temperature of 22 ± 1°C and a light/dark cycle of 12 hrs each. The animals had free water access and were fed with standard pellets of proteins (20%), fats (5%) and multivitamins (1%). Sixteen hrs prior to experimentation, feeding pellets were removed from the cages in order to make the mice fast. However, the free access to water was kept. Experimentation on animals and animal care were all done according to the regulations of the Lebanese Ministry of Higher Education and the animal experiment legislation and with the approval code (2016A-0035-P-M-112) of the Institutional Review Board of Beirut Arab University.
Diabetes induction
Diabetes was induced by alloxan. Alloxan is a cytotoxin that harms the pancreatic β-cells. This leads to loss of the ability of tissues to utilize glucose and hence animals become diabetic. Alloxination method was done as previously described. 8, 27, 28 Briefly, alloxan was dissolved in sterile cold saline (0.9 %). It was given to mice at a dose of 180 mg/kg every 48-hr. This injection was given for three times. 72 hrs after the last injection of alloxan, blood samples were obtained from mice tails to measure the fasting blood glucose (FBG) levels. Measurements were done using glucose strips meter (Accu-check Performa TM -Roche, USA). Mice with FBG levels greater than 200 mg/dl were considered to be diabetic and were used in the experiment.
Acute effect of REO in alloxan induced diabetic mice
Testing for the acute effect of REO was done as previously described. 8 Diabetic mice were grouped as follows: five groups with n=7/group. Group (I) was the control group and received the vehicle only which is 0.9% cold sterile saline. Group (II) received a reference hypoglycemic drug which is Glibenclamide. It is a sulfonylurea that is well known to produce its hypoglycemic effect by increasing the pancreatic release of insulin. 27 Glibenclamide (GB), dissolved in DMSO was given at a dose of 5 mg/kg, IP. REO, dissolved in the vehicle, was injected at the doses of 80, 100 and 110 mg/kg IP to the mice of group (III, IV, and V), respectively. Blood samples were obtained from the mice tails before the injections and at the end of the first half, 2 nd and 6 th hr after injections. The concentration of glucose in blood samples was then measured.
Subacute effect of REO in alloxan induced diabetic mice
Testing the action of REO for longer period of treatment was also done as previously reported. 27, 28 Mice were grouped into normal control and diabetic animals. Group (I) (normal control mice, n = 7) received only a vehicle IP for 7 days and served as control. The diabetic mice were divided into five groups (II-VI) of seven animals each. Group II received only the vehicle, 0.9 % cold sterile saline IP for 7 days and served as diabetic control. Group III received GB as the reference drug (5 mg/kg, IP) dissolved in DMSO for 7 days (positive control). REO, dissolved a in vehicle, and was administered at the doses of 80, 100 and 110 mg/kg IP to the animals of group IV, V and VI, respectively. Blood samples were collected from the tail on the 1 
Determination of blood glucose concentration
Blood glucose concentration was determined in blood by Accuchek Performa™ glucose strips in Accu-chek Performa™ Test Meter (Roche, USA). The glucose levels were expressed as mg/dl.
Statistical analysis
Statistical differences between the treatments and the controls were tested by one-way analysis of variance (ANOVA) followed by the StudentNewman-Keuls test using the ''OriginPro''statistic computer program. A difference in the mean values of p<0.05 or less was considered to be statistically significant. Values of in vitro studies are expressed as mean ± SD. Values of in vivo studies are presented as mean ± SEM.
RESULTS
Designing monograph for Rosmarinus officinalis (Linn.)
Macroscopic examination
It is a branched, bushy perennial sub-shrub attaining a height of about 1 m. The leaves are opposite, old branches are brown and flowers are pale blue or light lilac (Figure 1 A, B) . The leaves are sessile, tough, and linear to linear-lanceolate, 1 cm to 4 cm long and 2 mm to 4 mm wide, with recurved edges. The upper surface is dark green, glabrous and grainy, the lower surface is greyish-green and densely tomentose with a prominent midrib (Figure 1 B, C). 
Microscocopic examination
Assay of Rosemary leaves for the essential oil content
The oil yield for R.officinalis (Linn.) collected at different months are represented in Table 1 . should be 1.2% at minimum according to the BP 2013. Therefore, R-MR, R-JN and R-SP showed the closest average yields to the limit specified (Table 1) . However, the yields of REO obtained in the current study (0.83±0.15 to 1.79±0.44%) were higher than REO yields reported in literature. It was previously reported that the yield of REO ranged from 0.37 to 1.5%.
29,30
Spectrophotometric assay of Rosemary leaves for the total hydroxycinnamic acid derivatives expressed as Rosmarinic acid
Results for the assay of Rosemary leaves for total hydroxycinnamic acid derivatives expressed as rosmarinic acid values are demonstrated in (Table 2) . The values ranged from (1.25 g%) for (R-JN) to (1.9g %) for (R-MR).
Inspection of samples of Rosemary leaves for foreign matter content
Foreign matter content in Rosemary samples ranged from (1.9 g%) for (R-AP) to (3.4 g%) for (R-SP) as shown in (Table 3) . Moisture content in samples of Rosemary leaves Water content in Rosemary samples are listed in (Table 4) . The values ranged from 4.7 % for R-AG to 7.8 % for R-SP.
Chromatographic analysis of the essential oil obtained from Rosemary leaves
Thin layer chromatography of REO Thin layer chromatography of REO from all the five samples (R-AG, R-MR, R-AP, R-JN, and R-SP) showed violet-blue zones corresponding to Borneol, and intense blue zones corresponding to 1,8-Cineole. Low intensity bluish-grey zones corresponding to Bornyl acetate also appeared ( Figure 3 ).
Gas Chromatography-Mass Spectrometry of REO
The GC-MS analysis of REO obtained from the five samples of Rosemary (R-AG, R-MR, R-AP, R-JN, and R-SP) are represented in Table 5 . The oil is composed mainly of monoterpenes. Oxygenated compounds identified in REO obtained from Rosemary samples are represented in Table 6 . 
Physiochemical properties of the essential oil obtained from Rosemary samples
The relative density of REO from the five studied samples were in the range of (0.897 -0.908). As for the refractive indices, they were in the range of (1.464 -1.471). The optical rotation values for REO were found to be in the range of (+6.17° to +7.20°). Chemical properties for EOs include the acid value. It was less than 1 for all the tested samples, (Table 7) .
Pharmacognosy Journal, Vol 9, Issue 4, Jul-Aug, 2017 Designing monograph for Lavandula angustifolia (Linn.)
Macroscopic examination
Branched aromatic shrub, 1-2 m high ( Figure 5 , A). The branches are grey brown to dark brown with long flowering and short leafy shoots (A,B). The flower has a short peduncle and consists of a bluish-grey tubular calyx 4-7 mm long with longitudinal ribs (C), and a blue bilabial corolla, with the upper lip straight and bifid (2 large lobes) and the lower lip spreading and trilobite (3 smaller lobes) (C, D). The leaves have very short petiole and a linear-lanceolate blade 17 mm long and 2 mm wide (A).
Microscopic examination
Microscopic examination of powdered L. angustifolia (Linn.) (Lavender) flowers showed the following diagnostic key elements, parenchyma cells containing calcium oxalate crystals (1); fragments of the calyx epidermis with sinuous walled cells and containing prismatic crystals of calcium oxalate (2); the labiate type glandular trichome in surface view (3) and side view (4) which are characterized by the short unicellular stalks and the heads of 8 radiating cells; glandular trichomes with uniseriate multicellular stalks and unicellular heads (5,6); covering trichomes bifurcating at one or more levels (7); spherical pollen grains having exines with 6 slit like germinal pores, also known as hexacolpate pollen grains (8) ( Figure  6 ).
Assay of Lavender flower for the essential oil content
Assay of Lavender flowers for their yields of EO revealed that higher yield was obtained from L-JL (3.20 ± 0.59 %). However, LEO yield was (2.67 ± 0.53 %) for L-SP (Table 8) .
Inspection of samples of Lavender flowers for foreign matter and moisture content
Inspection for foreign matter in Lavender samples have shown that (L-SP) and (L-JL) contained 2.1 g% and 1.4 g% respectively ( Table 9) . As for the water content, (L-SP) and (L-JL) had (7.2 %) and (8.5 %) of moisture respectively (Table 10 ). 
Gas Chromatography-Mass Spectrometry of LEO
The GC-MS analysis of the EO obtained from the two samples of Lavender revealed that the oil is composed mainly of monoterpenes. Sesquiterpenes represented only a small percentage relatively (Table 11) . In both samples, oxygenated monoterpenes were present in greater amounts than monoterpene hydrocarbons (Table 11) . Oxygenated compounds were mainly ethers, alcohols, and ketones. However, aldehydes and esters were present at trace amounts. Phenolics were absent (Table  12 ). The major components of LEO from both samples (L-SP and L-JL) were 1,8-Cineole, Limonene, β-Pinene, Terpinolene, Linalool, Camphor, α-Pinene and Lavandulol (Table 11) Table 13 .
In vitro investigation of the antioxidant activity of Rosmarinus officinalis and Lavandula angustiflolia (Linn.) essential oils
DPPH free radical scavenging activity of REO obtained from Rosemary samples
Assay of the DPPH free radical scavenging activity of REO from (R-AG, R-MR, R-AP, R-JN and R-SP) was carried out in a concentration-dependent manner (Figure 8 ). The antioxidant activity for REO was directly compared with the antioxidant activity of ascorbic acid 0.2 mg/ml (AA) as a positive control and with the vehicle, methanol, as a control. REO from (R-AG, R-MR, R-AP, R-JN and R-SP) showed significant DPPH free radical scavenging activity (p< 0.5) in comparison to the control. Therefore, antioxidant potential of REO from all studied samples was confirmed. Moreover, the antioxidant activity of REO from all studied samples was both concentration and time dependent (Figure 9 ). At 60 minutes, the DPPH radical scavenging activity of REO from all test samples was higher. The maximum antioxidant activities, occurring at 60 minutes, for the 6 concentrations of each sample ( Compounds were identified by comparing their retention indices with those of standards a or on the basis of their mass spectral fragmentation using those stored in the spectrometer database (MS library-NIST05) b . R.T.: retention time in minutes; values are given as mean ± SD (n=3). Values given as mean±SD (n=3) different samples collected at different seasons showed varying capacity in scavenging DPPH radical.
DPPH free radical scavenging activity of LEO from Lavender samples
Assay of the DPPH free radical scavenging activity of LEO from the two samples was carried out in a concentration-dependent manner ( Figure  10 ). The antioxidant activity for LEO was directly compared with the antioxidant activity of ascorbic acid 0.2 mg/ml (AA) as a positive control and with the vehicle, methanol, as a control. REO from (R-AG, R-MR, R-AP, R-JN and R-SP) showed significant DPPH free radical scavenging activity (p< 0.5) in comparison to the control. Therefore, antioxidant potential of LEO from the studied samples was confirmed. The antioxidant activity of LEO was both concentration and time dependent (Figure 11 ). At 60 minutes, the DPPH radical scavenging activity was higher. The maximum antioxidant activities, occurring at 60 minutes, for the 6 concentrations of each sample (Figure 11 ), were variable for the 2 samples. In the current study, LEO from (L-SP) showed superior antioxidant activity over LEO from (L-JL) in the DPPH assay (Table 15 ).
In vivo investigation of the antidiabetic effect of Rosmarinus officinalis (Linn.) essential oil
In this study, various doses of the REO, obtained from (R-AP), were studied for their acute effects in alloxan-diabetic animals. REO at all doses (80, 100 and 110 mg/kg) showed a significant effect, with blood glucose levels dropped to 35.0, 46.2 and 47.5%, respectively from that of control after 6 h (Table 16 ). In order to determine the subacute effects, three doses of REO were administered throughout 8 days consecutively. The blood glucose level of each animal was monitored on 1st, 3rd, 5th and 8th days after the administration of the test samples. In alloxan-induced diabetic mice, REO at all doses (80, 100 and 110 mg/kg) showed a significant effect, with blood glucose levels dropping to 36.7, 42.7 and 58.4 %, respectively from that of diabetic control on the 8th day (Table 17) .
DISCUSSION
Designing monographs for aromatic plants such as R. officinalis (Linn.), requires tests conducted both on the plant material and on the EO it produces. Macroscopic examination of the plant material represents the first step in its identification. The morphological features for Rosemary leaves from the current study ( Figure 1 ) are identical to those described in the BP 2013. 23 Further investigation about the identity of the plant material requires looking for the diagnostic key elements under the microscope. Microscopic examination of powdered Rosemary leaves (Figure 2 ) revealed that the diagnostic key elements are similar to those reported in the BP 2013 23 and in the textbook Jackson's Atlas of microscopy of medicinal plants. 31 The oil yield for R. officinalis (Linn.) should be 1.2% at minimum according to the BP 2013. Therefore, R-MR, R-JN and R-SP showed the closest average yields to the limit specified (Table 1) . However, the yields of REO obtained in the current study (0.83±0.15 to 1.79±0.44%) were higher than REO yields reported in literature. It was previously reported that the yield of REO ranged from 0.37 to 1.5%. 29, 30 Rosmarinic acid, a phenolic acid isolated from species of family Lamiaceae, has been identified as an active component of therapeutic values. It is an ester of caffeic acid (hydroxycinnamic acid). 32 Rosemary's reported pharmacological actions have been linked to its major chemical constituents including rosmarinic acid. 33 In rosemary leaf, total hydroxycinnamic acid derivatives must not be less than (3 g%) expressed as rosmarinic acid. 23 In the current study, results for the assay of Rosemary leaves for total hydroxycinnamic acid derivatives expressed as rosmarinic acid values are demonstrated in (Table 2) . The values ranged from (1.25 g%) for (R-JN) to (1.9g %) for (R-MR). Therefore, values were lower than those specified by the BP 2013. However, values in this study are higher than other reported values of (0.7 g%). 34 Such variations could be linked to climatic and ecological factors. The lower levels of these acids don't compromise the antioxidant potential. It was reported that Rosmarinic acid content of 1.16 g% contributed to appreciable antioxidant activity of the Rosemary extract in the DPPH assay. 35 Herbal drugs should be free from insects, moulds, and other animal contamination. Foreign matter is material consisting of foreign organs or foreign elements such as matter not coming from the source plant. 23 Inspection of foreign matter in Rosemary samples revealed that these samples contained less than (5 g%) of stems and others which is the limit (Table 3) . The values of water content in Rosemary samples, listed in Table 4 ., ranged from 4.7 % for R-AG to 7.8 % for R-SP. All values were within limits (< 10%) specified by BP 2013. Thin layer chromatography of REO from all the five samples (R-AG, R-MR, R-AP, R-JN, and R-SP) showed zones corresponding to Borneol, 1,8-Cineole and Bornyl acetate (Figure 3) . These results were similar to the results described on the BP 2013 in which REO is described to consist of Borneol, 1,8-Cineole and Bornyl acetate as three of its major components.
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The GC-MS analysis of REO obtained from the five samples of Rosemary (R-AG, R-MR, R-AP, R-JN, and R-SP) are represented in Tables 5 and components. On the other hand, REO from (R-JN) had, relatively, the greatest proportion of sesquiterpene hydrocarbons of (11.05±0.03 %). However, REO from (R-SP) recorded the smallest proportion of these compounds (0.79±0.29 %). Oxygenated sesquiterpenes were highest in REO from (R-AP) representing (1.47±0.01 %), and lowest in REO from (R-SP) representing only traces (0.19±0.06 %) of the total. In brief, REO from (R-SP) was the richest in oxygenated terpenes, and that from (R-JN) was the richest in terpene hydrocarbons (Table 5) .
Regarding the individual components of the EO, Camphor, 1,8-Cineole and α-Pinene were the 3 most abundant compounds identified in the 5 samples. EOs from (R-AG, R-MR and R-JN) had almost equal amounts of Camphor representing about 25% of the oil. REO from (R-SP) had
Lavandula angustifolia BP 2013 BAU botanical garden
Morphological features
The flower has a short peduncle and consists of a bluish-grey tubular calyx 4-7 mm long, and a blue bilabial corolla 10-12 mm long, with the upper lip straight and bifid (2 large lobes) and the lower lip spreading and trilobite (3 smaller lobes).
As mentioned 6 revealed that the oil is composed mainly of monoterpenes. The proportions of oxygenated monoterpenes were greater than those of monoterpene hydrocarbons. As for the sesquiterpenes, they represented the minor proportion of the studied volatile oil. However, the sesquiterpene hydrocarbons were more abundant than the oxygenated sequiterpenes (Table 5 ). The oil also contained some aromatic hydrocarbons, aromatic ketones, aliphatic alcohols, ketones, and alkynes. EO from (R-MR) had the highest percentage of monoterpene hydrocarbons (35.57±0.37 %) while that of (R-SP) had the lowest (26.76 ± 0.11 %). However, REO from (R-SP) was the richest in oxygenated monoterpenes (68.64 ± 0.43 %), while that of (R-JN) was the poorest with oxygenated monoterpenes representing (51.91 ± 0.05%) of the total identified Pharmacognosy Journal, Vol 9, Issue 4, Jul-Aug, 2017 of the Spanish chemotype. 16 Other than the Spanish chemotype of REO which is characterized by 1,8-Cineole, Camphor and α-Pinene as the major constituents with almost similar proportions of 1,8-cineole and camphor (20-30%), the Moroccan-Tunisian chemotype is characterized by higher content of 1,8-Cineole (38-55%). 16, 23 Physical properties of EOs are helpful for assuring the authenticity of EOs. Many adulterants such as synthetic EO components can lower or raise values of the physical properties of EOs. In many monographs, physical measurements of relative density, refractive index and optical rotation of an EO are required. 37 The relative density of REO from the five studied samples were within the range of relative density for REO (0.895 -0.920) as stated by the PB 2013. Values from earlier studies were similar to values of the current study. It was reported that the relative density for REO was 0.9. 38 It was also documented that the relative density for different samples of REO was in the range of 0.8940 to 0.9120. 7 Other authors also determined the relative density of REO as 0.8887. 29 The difference between values obtained from the literature and those from the current study could be due to the difference in the temperature at which the measurements were done. In the current study, measurements were done at 20°C as specified by BP,2013. However, some measurements for relative density were done at 22±2 °C. 39 The refractive indices of REO from the five studied samples were in the range 1.464 -1.471 (Table 7) . The values were in agreement with the range of refractive index values (1.464 to 1.473) specified by the BP, 2013 for REO. These Values were also in agreement with previously reported values for refractive index of REO such as 1.465, 1.4689, 1.470, and 1.465 -1.467. 7, 9, 38, 39 The optical rotation values for REO were found to be in the range of (+6.17° to +7.20°) as shown in (Table 7) . These values coincided with the highest content of this monoterpene ketone representing (31.31 ± 0.20 %) of the oil composition. As for REO from (R-AP), the percentage of this component was the lowest representing (16.78±0.03 %) of the total identified compounds. However 1,8-Cineole was the most abundant component of (R-AP) representing (23.25 ± 0.06 %) of the oil ( Figure 4A ). It was reported that the typical REO was mainly composed of α-Pinene, 1,8-Cineole and Camphor. 36 Results of the current study proved that the five samples of Rosemary contained these 3 components as the major constituents with varying percentages. According to the values of these major components, it was evident that the studied REO was L. angustifolia (Linn.) have been done previously. These included steps both for the proper identification of plant material and for the analysis of the EO. 19 Both macroscopic and microscopic examinations have revealed that the morphological features of the plant material and diagnostic key elements are similar to those described in the BP 2013 ( Figures  5 and 6 ). Chemical properties for EOs include the acid value. It was less than 1 for all the tested samples, which is the maximum limit specified in the BP, 2013. L. angustifolia (Linn.) has been reported to have biological activities. Many studies have documented its effects. Pharmacognostic studies on hydrocarbons (Table 11 ). Results obtained from previous studies were similar. It was reported that the monoterpene content in LEO was more than (90 %), (87.5 %) being oxygenated monoterpenes and (4.4 %) being monoterpene hydrocarbons. The sesquiterpene hydrocarbons were greater than the oxygenated sesquiterpenes representing (4.8 and 1.9 %) of the LEO respectively. Total monoterpenes represented about (91.8 %) of LEO while the sesquiterpene content was (6.7 %). 42 As mentioned earlier, oxygenated compounds of LEO represented the highest proportion of the total identified compounds in the 2 samples analyzed. These compounds were mainly ethers, alcohols, and ketones. However, aldehydes and esters were present at trace amounts. Phenolics were absent. In LEO from (L-SP and L-JL), the major oxygenated compounds were of the ether type. LEO from (L-JL) was richer in ethers which represented (71.12 ± 0.81 %) of the total. However LEO from (L-SP), constituted of higher levels of alcohols and ketones (5.73 ± 0.50 % and 4.83 ± 0.17 %) respectively (Table 12) . In this study, the major components of LEO from both samples (L-SP and L-JL) were 1,8-Cineole, Limonene, β-Pinene, Terpinolene, Linalool, Camphor, α-Pinene and Lavandulol (Table 11) .
Variations in chemical composition of LEO have been reported to be related to environmental factors. Different conditions can result in different chemotypes of the plant. 43 It was also confirmed that the chemical composition of LEO was affected by diurnal harvest 22 , location 22, 40 and flowering period 40 of lavender. This explains the variation in the composition of LEO from different geographical locations with subsequent emergence of different chemotypes. According to the BP 2013, the major components of LEO are Linalool (20-45 %) and Linalyl acetate (25-47 %) . Investigation of the composition of LEO from different regions of the world, have revealed that EOs of Lavender from different locations such as Greece, 22 Italy, 20, 44 Poland, 45 Tunisia, 46 South Africa, 21 and Japan 47 were characterized by comparable levels Linalool and Linalyl acetate (2.67 ± 0.53 %) for L-SP (Table 8) . Therefore, both samples produced EO in yields greater than the minimum limit of 1.3% specified for L. angustifolia. 23 Previously reported data showed variable results. For example the yield of LEO from L. angustifolia (Linn.) grown in Greece was (2.19 to 4.45 %) 40 and the yield of LEO from L. angustifolia (Linn.) grown in California was as high as 6.78%. 41 These variations yield could be linked to environmental and climatic factors. 40 Inspection for foreign matter in Lavender samples have shown that (L-SP) and (L-JL) contained 2.1 g% and 1.4 g% respectively (Table 9) . These values were within the limits specified by the BP 2013 for L. angustifolia in this regards. 23 As for the water content, (L-SP) and (L-JL) had (7.2 %) and (8.5 %) of moisture respectively (Table 10) . These values were also within the specified limits. 23 Thin layer chromatography of LEO from both Lavender samples showed violet zones corresponding to Linalool and 1,8-Cineole (Figure 7) . These results were similar to the results described in the BP 2013. 23 However, the violet zones that were supposed to show relative to Linalyl acetate were very faint and almost not apparent. This could be due to the fact that Linalyl acetate was present in trace amounts (less than 0.05%) in LEO as proved by GC-MS analysis (Table 11 ). The GC-MS analysis of the EO obtained from the two samples of Lavender revealed that the oil is composed mainly of monoterpenes. Sesquiterpenes represented only a small percentage relatively (Table 11 ). The oil also contained some aliphatic unsaturated hydrocarbons, and aliphatic alcohols. In both samples, oxygenated monoterpenes were present in greater amounts than monoterpene hydrocarbons. LEO from (L-JL) was richer in oxygenated monoterpenes. However, LEO from (L-SP) constituted of 3% more of monoterpene hydrocarbons than LEO from (L-JL). As for the sesquiterpenes, they only constituted a minor content in the studied LEO representing (0.2 %) in (L-SP) and about (0.1 %) in L-JL. In both samples, oxygenated sesquiterpenes were less than the tained in this study, it was reported that the major compound of LEO from Algeria was 1,8-Cineole (29.4%). Similar to the results of the current study also, LEO from Algeria had a low level of linalool of (1.1 %). 50 In terms of Limonene, it was reported that LEO from North East Italy had a (1.1 to 2.36) % of Limonene, 20 which was higher than the range listed in the BP 2013. Similarly, results of the current study had higher values of Limonene (8.58 ± 0.06 -9.11 ± 0.33 %). Relative to the high content of 1,8-Cineole (64.99 ± 0.92 and 71.08 ± 0.86 %) in the two tested samples (Table 11) , LEO investigated in this study is of the 1,8-Cineole as those indicated by the BP 2013. However, similar to results of the current study, LEO from north east Italy 44 had appreciable amounts of 1,8-Cineole and camphor (3.98-10.89 % and 5.56-11.76 % respectively) which are higher than those listed by the BP. 44 This is similar to what was reported previously regarding LEO from Greece which had appreciable amounts of Camphor (7.4 %) and 1,8-Cineole (12.4 %). 48 Tunisian LEO was characterized by close results. The 1,8-Cineole content was (14.1%), and that of Camphor was (11.1 %). 46 Likewise, LEO from Argentina had camphor (8.4 %) and 1,8-Cineole (6.8 %). 49 Similar to the results ob- samples, the acid value for LEO was less than 1, matching the limit stated by the BP, 2013.
23
Rosemary has been reported to be one of the aromatic plants having high antioxidant activity. 7 Correlations between the chemical compositions of studied R. officinalis (Linn.) essential oils and their DPPH radical scavenging capacity have been reported. 7, 16, 51 For example, fractions of REO containing ethers and alcohols recorded the highest antioxidant activity 7 In this research, similar results were obtained. Comparison between REO from the 5 test samples for classes of oxygenated compounds present in the oil was demonstrated in Table 6 . REO from (R-AP) presented the highest content of alcohols and ethers. On the other hand, REO from (R-JN) had the lowest content of alcohol and Ethers. The highest antioxidant activity was recorded with REO from (R-AP) as demonstrated by its lowest IC 50 (9.65 ± 1.03 µl), and the lowest antioxidant activity was recorded with REO from (R-JN) as demonstrated by its highest IC 50 (17.1 ± 0.29 µl). REO from (R-AG) and (R-SP) recorded IC 50 values higher than that of REO from (R-AP) and lower than that of REO from (R-JN). This chemotype. Seasonal variations affect the final composition of the EO. Variations in the chemical composition of LEO from the two tested samples could be linked to seasonal variations. 22 The values of relative density for LEO from (L-SP) and (L-JL) were found as 0.892 and 0.889 respectively (Table 13) . These values coincided with the range of relative density for LEO (0.878 to 0.892) specified in the BP, 2013. The refractive index values for LEO from (L-SP) and (L-JL) were found as 1.459 and 1.464 respectively (Table 13) . According to BP, 2013, the range of refractive index for LEO is 1.455 to 1.466. Therefore, results for LEO from (L-SP) and (L-JL) matched those mentioned in BP. In addition, results from the literature involving physiochemical properties of LEO had very close or even identical values as results of the current study. It was reported that the relative density and refractive index of LEO were 0.882 and 1.459 respectively. 47 The optical rotation values for LEO from (L-SP) and (L-JL) were within the range of optical rotation for LEO (-12.5° to -6.0°) specified in the BP, 2013 (Table 13 ). For both mia, mediate oxidative stress which contributes in the progression of diabetes as well as its complications. 27 Moreover, pancreatic β-cells have low antioxidant capacity since their antioxidant enzyme levels are low relative to other tissues. 8 Therefore, the interest in antioxidants use for diabetes has increased. Their ability to reduce oxidative damage in diabetes has been demonstrated. 33, 61, 62 R. officinalis (Rosemary) has been examined for its antioxidant potential and is now recognized as one of medicinal plant species with the highest antioxidant activity. 8 Moreover, in folk medicine, Rosemary is one of the plants used to combat DM in Lebanon. The phenolic contents of Rosemary have been reported to have antidiabetic potentials. 8, 33 Few results, however, were reported regarding the use of REO as an antidiabetic agent. 18 In this study, various doses of the REO, obtained from (R-AP), were studied for their acute effects in alloxan-diabetic animals. The choice of REO from (R-AP) was based on the fact that it showed the highest antioxidant activity among the tested samples. REO at all doses showed a significant effect, when compared to the control after 6 h (Table 16) . REO, at the dose of 110 mg/kg was the most effective dose on blood glucose of hyperglycemic mice. The subacute effects of the three doses of REO were determined (Table 17) . The blood glucose levels of diabetic control mice were significantly higher than those of the control mice during the experiment period. In alloxaninduced diabetic mice, REO at all doses showed a significant effect. The highest reduction in blood glucose with REO was observed with a dose of 110 mg/kg.
CONCLUSION
The chemical composition of EOs from Rosemary and Lavender grown in Lebanon showed variations in their components relative to time of collection. This was also reflected in the variation in the antioxidant activity of the oils obtained from samples collected at different times of the year. The highest antioxidant activity for Rosemary was attained by the volatile oil obtained from the flowering plants collected in April (spring season). As for Lavender, the highest antioxidant activity was attained by the volatile oil obtained from flowering plants collected in September (early fall). Testing Rosemary oil that showed the highest antioxidant activity for its in vivo antidiabetic effect using alloxan-induced diabetic mice, revealed significant lowering in blood glucose level at the dose of 110mg/kg. At this dose Rosemary EO was effective in lowering blood glucose level in diabetic mouse model up to 58% when compared to the control. Moreover, the Spectrophotometric analysis of Rosemary extract for the total hydroxycinnamic acids calculated as Rosmarinic acid showed values that are similar and even higher than values obtained for Rosemary collected from other regions of the world. As for the Pharmacognostic screening, both plant species and their EOs fulfilled most of the standards specified by the British Pharmacopeia 2013 (Table 18) . Summary: Monographs designed for Rosmarinus officinalis (Linn.) and Lavandula angustifolia (Linn.) provided a proof that these cultivated species at the Botanical garden of Beirut Arab University fulfill the international standards specified by the BP 2013 and WHO. The antioxidant potential of their essential oils has been demonstrated. Rosemary was proven to have antidiabetic potential.
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REO:
Rosmarinus officinalis (Linn.) essential oil; LEO: Lavandula angustifolia (Linn.) essential oil; TLC: thin layer chromatography; DPPH: 2,2-diphenyl-1-picrylhydrazyl; SD: standard deviation; SEM: standard error of the mean. result could also be linked to their alcohol-ether contents. Alcohols and ethers represented about (29 %) and (28 %) of REO from (R-AG) and (R-SP) respectively. REO from (R-MR) represented an exception for linking the antioxidant activity with the alcohol and ether content of REO. The alcohol-ether content of REO from (R-MR) was the second lowest as (about 22 %) but it had the second highest antioxidant activity (IC 50 of 10.83±0.38 µL). The antioxidant activity of REO has been linked to the oil's content of Myrcene and α-Pinene. Myrcene-rich REO showed higher antioxidant activity than other chemotypes of REO. 16 Moreover, the antioxidant activity of REO was linked to the oil's content of the monoterpene ether 1,8-Cineole and the monoterpene hydrocarbons Myrcene and β-Pinene. 51 The ability of both Myrcene and β-Pinene to scavenge the DPPH free radical has been demonstrated 52 It was also reported that Myrcene protected against the genotoxic effect of oxygen reactive species both in bacterial and human cells. 53 In vivo peroxidation assay for testing the antioxidant effects of Myrcene in rats liver have confirmed the antioxidant potential of this monoterpene. 54 Hence, REO from (R-MR) attained second highest antioxidant activity relative to REO from other rosemary samples due to its highest content of these 2 monoterpene hydrocarbons β-Pinene (6.99 ± 0.05 %) and Myrcene (4.24 ± 0.03 %) among all other REO from Rosemary samples (Figure 3 B-D) . The essential oils obtained from various Lavandula species have been tested for their antioxidant potentials. 49, 55 In the current study, LEO from (L-SP) showed superior antioxidant activity over LEO from (L-JL) in the DPPH assay (Table 15 ). The major components of LEO from both samples were oxygenated monoterpenes that represented 77.56 ± 0.09% of LEO from (L-SP) and 72.72 ± 1.3% of LEO from (L-JL). As for the monoterpene hydrocarbons, they constituted the minor fraction of LEO from (L-SP) and (L-JL) representing (21.05 ± 1.09 and 18.56 ± 0.27 %) respectively. Therefore, LEO from (L-SP) was about 3% richer in monoterpene hydrocarbons than LEO from (L-JL) (Table 11 ). This could explain the stronger antioxidant activity of (L-SP). It was previously reported that the antioxidant activity of EOs was dependent not only on the major components but also on the minor ones. 51, 56 Moreover, monoterpene hydrocarbons were shown to impart significant antioxidant activity to essential oils by acting as radical scavenging agents. 57 The antioxidant activity of EO from Lavandula species was attributed to the presence of monoterpene hydrocarbons. 55, 58 For example, essential oil from L. stoechas was linked to the presence of α-Pinene and Limonene. 55 Similarly, the antioxidant activity of essential oil from L. angustifolia was attributed to the presence of Camphene, Limonene, Ocimene, Terpinene, α-Pinene and β-Pinene. 58 Moreover, α-Pinene and Limonene rich essential oil prevented against lipid peroxidation in vitro and improved the ability of yeast cells to adapt to reactive oxygen species. 59 The scavenging effect of β-Pinene and Limonene and their ability to protect deoxyribose against degradation by free radicals have been demonstrated. 59 In the current study, the percentages of these compounds were higher in LEO from (L-SP). For example, β-Pinene represented (4.65±0.48%) of LEO from (L-SP) and (3.83±0.24 %) of LEO from (L-JL). α-Pinene and Limonene levels were also higher in LEO from (L-SP). It was also reported that oxygenated monoterpenes acted as radical scavenging agents. 57 Allylic alcohols such as Linalool possessed appreciable antioxidant activity. 55 In this study, allylic alcohols such as Myrtenol and Linalool levels were higher in LEO from (L-SP) than LEO from (L-LJ) as shown in (Table 11) . Diabetes mellitus is one of the most widely spread endocrine disorders. It affects about 5% of world's population. It is estimated that more than 300 million adults will be diabetic the next decade. 27 Global expenditure on the treatment of diabetes and its accompanying complications such as hyperlipidemia and hypertension, 8 could reach US $ trillion annually. 60 It was reported that free radicals generated by hyperglyce-
